Introduction
Some of the most critically ill, hospitalized patients at high mortality risk include neonates in intensive care units. Housestaff in most training hospitals actively care for critically ill newborn infants in neonatal intensive care units (NICUs) . Beginning in the month of July, most pediatric and neonatal housestaff start new rotations or advance their responsibilities from the postgraduate level. The combined expertise of the team members caring for high-risk newborns, therefore, may decrease during the initial training months. This circumstance implies the training hypothesis in that fragile newborns in NICUs may exhibit greater-thanexpected neonatal mortality during the initial training months.
We believe that the extant literature, which includes reports from internal medicine, 1 trauma, 2 surgery, 3 intensive care units 4 and perinatology, 5 does not offer compelling evidence either for or against the training hypothesis. First, several studies are limited in that they evaluate financial costs or intermediate outcomes, rather than the most critical adverse event (that is, mortality). [5] [6] [7] Second, previous reports do not analyze the subgroup of fragile patients that intuition suggests would react adversely to gross medical errors. 1, 5, 7, 8 Third, earlier tests of the training hypothesis [2] [3] [4] [5] [6] [7] [8] do not control for well-characterized secular patterns (for example, seasonality and trend) which could confound the observed null findings. 9, 10 Seasonal factors, for instance, could 'schedule' unexpectedly low mortality during the summer months such that the expected value of mortality in July and August would not equal the mean mortality value from past months. Failure to control for temporal patterns such as these could suppress a true training effect.
We address these limitations and test the training hypothesis directly by examining neonatal mortality among very low weight (that is, 500 to 1500 g) infants in 19 regional teaching hospitals with medical training programs. We focus on very low weight infants because this group exhibits over a 100-fold increased risk of neonatal mortality relative to normal weight infants (>2500 g) and therefore may react adversely to medical errors made by new pediatric housestaff. 11 Residents, moreover, may commit more errors with moderately at-risk infants, a group not given as much special supervision by senior staff. We tested this possibility by comparing neonatal mortality among moderately low weight births (1500 to 2499 g) during July and August to other birth months.
Methods

Data source
We acquired data on very low and moderately low weight infants from the California Birth Cohort File. The California Department of Health Services maintains the database of vital records that links birth certificate and infant death certificate information on all California births. 12 The Birth Cohort File contains sociodemographic and perinatal data, as well as cause of death information for infants who died during the first year of life. The reporting of births and infant deaths in California is believed to be nearly 100% complete. 12 
Study population
California hospitals with neonatal intensive care are assigned the following NICU levels of care by California Children's Services: intermediate, community and regional. 13 Only regional NICUs provide the full spectrum of care including complex cardiac surgery. All of California's 19 regional NICUs, moreover, have pediatric residency training programs. We used as the study population all singleton, very low weight and moderately low birth weight infants (n ¼ 5184 and n ¼ 15 232, respectively) born in California regional teaching hospitals from January 1999 to December 2003. We chose these years as they represent the longest span of uninterrupted, contemporary data available at the time of the analysis.
We investigated very low weight neonatal mortality as the primary outcome variable, defined as a death within 27 days of a live birth as indicated on the Birth Cohort File. We chose neonatal mortality as the outcome variable, because we presume that any errors in judgment made by housestaff in the NICU would induce an acute, rather than delayed, effect on very low weight mortality.
We use as the independent variable the months of birth when medical residents begin their NICU training. We classified infants born in the regional teaching hospitals during July or August as the 'training' neonates. Infants born in teaching hospitals in other months were classified as 'nontraining' neonates.
Several sociodemographic characteristics of the mother, identified in the literature, may elevate the risk of neonatal mortality. We included the following covariates in the analyses: maternal age, maternal education, trimester of prenatal care initiation, maternal race, infant sex and source of health insurance. In addition, prior research reports that the monthly incidence of very low weight neonatal death exhibits patterns over time. 9, 10 Temporal patterns (for example, seasonality) may predictably 'schedule' high or low neonatal mortality in July and August and lead to a spurious association between housestaff training and neonatal death. To control for this potential confounding, we, as described below, adjust for these patterns.
Design and analysis
We first compared the characteristics of infants born in regional teaching hospitals in initial training months (that is, July and August) to all other months. We also used traditional time-series methods, as recommended in the epidemiologic literature, to assess the presence of potentially confounding, temporal patterns in the monthly odds of very low weight neonatal deaths.
14 The time-series methods proceeded through the following steps. First, we examined a comparison population of 3430 very low weight and 13 589 moderately low weight births from 19 community nonteaching NICU hospitals with no residency training, matched to the regional teaching hospitals by number of deliveries, to determine the expected value of monthly neonatal mortality for California infants born in nonteaching hospitals. If any temporal patterns in neonatal mortality in the nonteaching hospitals were observed, we assigned a unique time propensity score for each of the 60 months over the test period. This score gauges the likelihood, conditional on month of birth, of a very low weight infant dying in the neonatal period. Next, we assigned these time propensity scores, derived from nonteaching hospitals and based on birth month, to each individual very low weight infant in the regional teaching hospitals. Finally, we applied multiple logistic regression models that control for maternal and infant characteristics as well as temporal patterns in neonatal mortality. We tested if the coefficient for training (that is, coded '1' for July and August in regional teaching hospitals and '0' otherwise) was positively associated with an increased log (odds) of very low weight neonatal death. To test the hypothesis that the first month of NICU training confers the greatest risk of very low weight mortality, we also compared mortality in teaching hospitals in the month of July relative to mortality in all other months.
Increased monitoring of the care provided to high-risk births (that is, very low weight infants) by neonatologists could compensate for greater-than-expected errors by housestaff during the initial training months. It remains possible, however, that housestaff may not be given as much special senior supervision for infants seen to be only moderately at risk. We examined this possibility by comparing neonatal mortality among moderately low weight births (1500 to 2499 g) during training and nontraining birth months. As in the original test, we used multiple logistic regression models that control for sociodemographic characteristics as well as temporal patterns in moderately low weight neonatal mortality.
We performed logistic regression analyses with SAS 15 and timeseries routines with SCA software. 16 The institutional review board of the California Department of Health Services and the University of California at Berkeley School of Public Health approved the study. We used de-identified, publicly available vital statistics data; therefore, informed consent was not required. Table 1 displays the sociodemographic characteristics of very low and moderately low weight infants from 1999 to 2003. Among the very low weight infants, we found few differences in the baseline variables of training (that is, those born in July or August) and nontraining infants. A slightly larger proportion of training mothers sought prenatal care in the first trimester (84.3 vs 82.3%). The age and education distribution, as well as the proportion of mothers who used public health insurance, were similar in 'training' and 'nontraining' months for both the very low and moderately low birth weight infants.
Results
Descriptive characteristics
Logistic regression analyses
Six hundred and nineteen of the 5184 very low weight births resulted in neonatal death. The crude neonatal mortality rate of very low weight infants during training and nontraining months was 11.7 and 12.0%, respectively. Multiple logistic regression results (Table 2) find that male infant sex appears associated with a 1.61-fold increased odds of very low weight neonatal mortality relative to female infants (95% confidence interval (CI), 1.36 to 1.92). Lack of prenatal care appears associated with increased odds of very low weight neonatal mortality.
Two hundred and forty-three of the 15 232 moderately low weight births resulted in neonatal death (1.3 and 1.7% crude neonatal mortality rate during training and nontraining months, respectively). We found no association between male infant sex and neonatal mortality. In addition, maternal education beyond high school was associated with reduced odds of moderately low weight Column totals may not sum to 100% due to missing data and rounding. Analysis of community nonteaching hospitals identified temporal patterns in very low weight (but not moderately low weight) neonatal mortality such that unusually high or low values 'echoed,' although in diminishing amounts, 10 months later. To control for this temporal pattern, we assigned these time propensities to individual infants (based on birth month) in the logistic regression.
Risk of neonatal mortality from 'training'
The adjusted risk of neonatal mortality among very low weight infants during July and August and other months does not differ significantly from mortality in other months ( Table 2 , AOR: 0.98, 95% CI, 0.78 to 1.23). We also tested if only the first month of residency training (that is, July) confers an increased risk on infants born in that month. Results suggest no July training effect (very low weight AOR: 1.02, 95% CI, 0.74 to 1.39).
We assessed whether the most fragile of the very low weight births (that is, 500 to 1000 g) had elevated mortality in July and August relative to other months. We find no evidence of a training effect among this subgroup (AOR: 1.01, 95% CI, 0.78 to 1.32).
As neonatologists may devote much attention and care to very low weight infants but may provide less oversight among moderately low weight (that is, from 1500 to 2499 g) infants, we also tested whether these infants experience unusually high neonatal mortality during initial resident training months. Adjusted logistic regression results support neither a July and August training effect (AOR: 0.79, 95% CI, 0.55 to 1.14, see Table 2 ) nor a specific July effect (AOR: 0.77, 95% CI, 0.46 to 1.27).
We explored the possibility that infants may appear at increased risk of mortality during September and October when trainees have gathered clinical experience and the level of senior supervision may be relaxed. We observed no such association for either the very low (AOR: 0.85, 95% CI, 0.67 to 1.09) or moderately low birth weight category (AOR: 0.90, 95% CI, 0.63 to 1.28) (complete details of the analysis available upon request).
Discussion
Despite the potential public health importance of elevated mortality among NICU infants born during months in which medical students begin their internship training and current residents and fellows take on more advanced responsibilities, no direct test of 'training' appears in the literature. Our analyses of a large birth cohort in California from 1999 to 2003 find that the influx of trainees into NICUs in the early months of the academic year does not yield increased neonatal mortality among high-risk infants. Among very low weight and moderately low weight infants, we observed no difference in neonatal mortality during training and nontraining months. These results, which control for individual covariates as well as temporal patterns, contradict the notion that errors by new pediatric residents increase neonatal mortality among fragile newborns.
Findings also do not support two related hypotheses concerned with the training effect. First, moderately low weight neonatal mortality did not rise above expected levels in July and August owing to less supervision by senior residents of new staff that care for these infants. Moreover, examination of very low and moderately low weight neonatal mortality in the months of September and October indicates no subsequent drop-off in the quality of senior supervision or care after the initial influx of first-year residents and increased responsibilities among current residents and rising fellows.
Our null results converge with those from previous studies on high-risk adult populations. Barry and Rosenthal 4 analyzed intensive care patients in over 38 hospitals and, after adjustment for severity of illness, found no increased mortality in July through September relative to other months. Claridge et al.
2 examined trauma patients in one hospital over a 5-year period and reported no elevated mortality in July and August, as compared with mortality in April and May (that is, the end of the academic year). Neither of these studies, however, controlled for seasonal patterns that could either suppress or enhance variation in hospital mortality due to housestaff experience.
Strengths of our study include using all 19 regional hospitals in the California linked Birth Cohort File for a 4-year period, which, unlike earlier studies, permits monthly cohort estimates of neonatal mortality. We also restricted the primary analysis to very low weight infants, as this subgroup would most likely respond adversely to errors made by first-year residents. Next, the time-series methodology that uses the comparison population of 19 matched community nontraining hospitals minimizes the risk of confounding by temporal patterns or other seasonal differences in the severity of illness of very low weight births. Furthermore, we rule out the possibility that increased mortality would be delayed until September and October when senior supervision may be more relaxed.
Limitations of our approach include that we do not know differences in housestaff workload across calendar months, which may affect perinatal outcomes. 17 This circumstance implies that we cannot shed light on whether or not senior housestaff increased supervision during July and August to compensate for new residents' relative inexperience. Furthermore, the vital statistics data do not contain data on supervision and cannot discern whether infant care was provided by a 'team' or exclusively by a new intern or resident.
Neonatal death is an extreme and relatively rare outcome even among very low weight infants. A limitation of the linked birthdeath vital statistics file involves the lack of information on more common neonatal morbidities. The possibility remains that, during July and August, pediatric residents and other housestaff may make more errors, incur additional costs or induce sequelae other than neonatal mortality. Griffith and colleagues, 7 for example, reported that new pediatric interns order more unnecessary tests than did experienced staff. We await further studies, with proper control for temporal patterns, to assess medical errors and neonatal morbidity during initial months of the academic year.
In this paper we present an innovative analytic approach that incorporates the strengths of multivariable regression and time-series analysis, a methodology that is well suited to investigating the potential association between the introduction of new trainees and increased mortality in a high-risk patient population. Our findings of no increased neonatal mortality should reassure medical teams that absorb new residents into NICUs, as well as mothers that deliver low weight infants, in July and August.
